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Introduction

Successful High Energy Density Science
(HEDS) experiments at the National Ignition
Facility (NIF) [1] require that millimeter-scale
targets are fabricated, assembled, and
measured with micrometer-scale tolerances.
However, the materials and geometries involved
in these assemblies present challenges for
metrology and uncertainty quantification. The
completed assemblies must accommodate both
the features required for the physics experiment,
as well as facility-dictated attributes such as
shields, coatings and alignment fiducials. Here,
we present an error analysis of target feature
measurements, and propose solutions for
minimizing uncertainty in future target designs.

Because of the fragility of the individual
components and assemblies, optical metrology
techniques [2] are used almost exclusively as a
means of qualifying the final product. However,
difficult-to-measure  components such as
dimpled metal shields, plastic coatings, and
transparent features introduce uncertainties into
these measurements and often require
additional test procedures to determine the
measurement uncertainty [3]. Furthermore,
metrology of some individual components
requires the use of alternate measurement
techniques (e.g., contact probes). Combining
these task-specific measurements [4] introduces
additional  uncertainties and has direct
consequence to the success and/or failure of the
experiment in terms of both interpreting the
experimental results and properly aligning the
target in the NIF target chamber.

Several different HEDS experiments are fielded
on NIF, each requiring a different target
configuration. The targets described here are all
indirect drive experiments, where the laser
beams are pointed into the laser entrance hole
(LEH) of a gold hohlram aligned to the target
chamber center (TCC). The 3Q laser energy is
converted into x-rays when the beams interact

with the gold on the inside of the hohlraum. This
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FIGURE 1. a) Photogragh of a streaked

radiography target assembly. b) Model showing

the laser drive beam entering the LEH and the
backlighter drive beams hitting the microdot.

is the energy source for the experiment. Figure 1
illustrates one target configuration used to image
x-ray flux through a low density material. The
laser drive beams are pointed at a backlighter



assembly (BL) directly below the LEH. The
backlighter consists of a silver microdot on a Ta
substrate with a laser machined slot that acts as
the imaging x-ray source for the x-ray camera
pointed at an aperture in the upper target
assembly.

A schematic representation of the target/beam
alignment is shown in Figure 2. The Target
Alignment System (TAS) is located within the
target chamber relative to the Chamber
Coordinate  Reference  System  (CCRS).
Subsequently, the laser beams and Target
Positioner (TARPOS) are aligned to the TAS.
The positional accuracy required for a target
relative to the TAS is + 25 um over the 5.0 m
radius of the target chamber.
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FIGURE 2. lllustration of the coordinate
systems used for aligning a target within the
NIF. Not shown are the additional coordinate
systems representing diagnostic alignment.

In addition, various diagnostics are aligned to
the target based on the location of TCC as
determined by the TAS. The alignment accuracy
of the diagnostics varies based on the type of
system being used. For x-ray imaging systems,
the allowable alignment error is on the order of +
500 pm. For systems like the Velocity
Interferometer System for Any Reflector (VISAR)
used for measuring shock velocity, + 100 ym
can be required. The goal of this work is to
quantify the uncertainty in the location of the

target relative to TCC, based on measurement
and alignment uncertainties.

Analysis

After target fabrication is complete, and before
the target is transferred to the NIF target
chamber, metrology of the target assembly is
performed with optical coordinate measuring
machines (OCMMs). To quantify the global
effect of the task-specific measurement
uncertainty, homogenous transformation
matrices (HTMs) assuming small angles [6]
were used to model the error sources and relate
their influence to the overall target installation
error budget. As is common in coordinate
metrology, a local part or subassembly
coordinate system (CS) is created. In the
example shown in Figure 2, two separate
coordinate systems will be defined for the target
package and backlighter assembly.

A point derived from the OCMM is represented
as follows

P, + 6x
OMMPy = (B, + 8y, (1)
P, + 6z

where P, P, and P, are the X, Y, and Z
coordinates and 6x, dy, and o6z are the
measurement errors for each coordinate
respectively. Each point is related to the
part/subassembly CS expressed by

CS{P}OCMM = CS[T]OCMMOCMM{P}' (2)

where T is a transformation done by the OCMM.
These points are used to create geometric
features representing the measured assembly.
These geometric features include the task
specific measurement uncertainty which consist
of errors associated with the machine, probe,
algorithms, edge quality, the influence of
coatings, etc.

Once each of the components and/or
subassembly is defined by a set of points or
geometric features the subassemblies are
related to a common reference. For the case
shown in Figure 2 the BL and TARPOS are
defined relative to the target CS by

Tar{P}BL = Tar[T]BLBL{P}: ()



Tar{P}TPos = Tar[T]TPosTPDS{P}- (4)

Now the target is completely defined relative to
the target CS. The final transformation relates
the target assembly in the TARPOS to the TAS

TAS{P}Tar = TAS[T]TarTaT{P}: (%)
where
TPy =TPY + T {PYg, + " {P}1pos.(6)

The error between the measured features and
the TAS calculated by

TAS{E} = TAS{P}Ideal - TAS{P}Measured' (7)

Removing second order terms, the error {E} for
each coordinate is given by

T8Ey = &, 145(X Zofrsets)-€ymas (X Yottsets)
+Ey,Tpos (PZ,TPOS) +Ey,BL(Pz,BL)'Ez,TPos (Py,TPos)
—&2TPos (Py,BL) + Z 6x,comp' (8)

TASEY = &z7148 0> Xoffsets)'sx,TAS ) Zoffsets)
+€Z,Tpos (PX,TPOS)+£Z,BL(PX,BL)_SX,TPOS (PZ,TPOS)
—&x,TPos (PZ,BL) + Z 5y,comp' (9)

TASEZ = &x14S (Z Yoffsets)'ay,TAS (Z Xoffsets)
+€x,Tpos (Py,TPos) +£X,BL (Py,BL)'Sy,TPos (Px,TPos)
_gy,BL (Py,BL) + E 8z,comp' (1 O)

where X, Y and Z are relative offsets between
features in the TAS CS, g, ¢, and ¢, are the
angular errors between CSs and &, &,, and &,
are the displacement errors between CSs.

The analysis shown above represents key
aspects of target manufacturing, with respect to
metrology and system integration. The first two
terms of egs 8-10 represent the influence of the
angular error and feature offsets between the
target and the TAS within the NIF target
chamber. In addition, the second set of terms in
egs 8-10 represent the tolerances required to
define critical features, such as datums used to
relate the BL and TARPOS to the target. This
represents how well features need to be
measured, but more importantly, how well datum
features need to be defined. For the example
shown in Figure 2 the calculated tolerance

between the BL and Target and TARPOS and
Target is on the order of 25 um, which would
ideally be verified by metrology having a
measurement uncertainty of on the order of 2.5
pum.

Given these stringent requirements for
alignment in the NIF chamber, it is necessary to
integrate features specifically fabricated for this
purpose into target designs. Depending on the
type of experiment and drive configuration being
utilized, there have been a number of different
methods used to define alignment features.
Figure 3 shows three different methods of
transferring alignment information in the NIF
target chamber. The target shown in a) has a
300 um thick silicon washer as part of the target
structure that acts as datum for both target
metrology and alignment within the chamber.
The Si washer has a total thickness variation of
less than £ 1 um and a flatness of better than +
0.05 um over the 9 mm diameter.

However, integrating a quality reference feature
is not always applicable as illustrated by the
examples shown in Figure 3 b) and c). In these
cases, auxiliary parts such as dimpled aluminum
shields used to reflect stray unconverted light
from interfering with diagnostics impede
measurement quality and often require
additional features to be added specifically for
chamber alignment. To transfer the datum
information for alignment in the target chamber
external fiducials have been added and
measured on an OCMM to allow for insertion to
a positional accuracy on the order of 25 um.

Summary

Target alignment within the NIF chamber is a
critical part of the overall success of an
experimental campaign. Due to the stringent
alignment requirements, target production
including part/subassembly metrology and
datum derivations needs to be considered
throughout the design process. Typical
measurement uncertainties for critical features is
less than 10 um, but can vary based on the
overall target design and types of diagnostics
being utilized during the experiment. In addition
to alignment accuracy it is also important to
have repeatable alignment procedures to
expedite the shot cycle.
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